UNCLASSIFIED 


AD  NUMBER 


AD012618 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution;  No  Foreign 


AUTHORITY 


afal  ltr,  17  aug  79 


THIS  PAGE  IS  UNCLASSIFIED 


Tl  - Sr 

WADC  TECHNICAL  REPORT  52-229,  Part  1 \ '} 

■ ^ ^ 

cy 


i 


THE  INFLUENCE  OF  SURROUND  ON  TRACKING  PERFORMANCE 

Pari  1.  Tracking  on  Combined  Pursuit  and  Compensatory 
One-Dimensionai  Tasks  With  and  Without 
a Structured  Surround 


JOHN  W.  SENDERS 
AERO  MEDICAL  LABORATORY 


FEBRUARY  1953 


WRIGHT  AIR  DEVELOPMENT  CENTER 


o2ODlO5DlO05 


AF-WP-(B)-0-l»  JUN  53  200 


NOTICES 


When  Government  drawings,  specifications,  or  other  data  are  used 
leaf  any  purpose  other  than  in  conne  ction  with  a definitely  related  Govern- 
ment iM?ocurement  operation,  the  United  States  Government  thereby  -in- 
cur suore  sponsibility  nor  any  obligation  whatsoever;  and  the  fact  that 
the  Government  may  have  formulated,  furnished,  or  in  any  wa.y  supplied 
the  said  drawings,  specifications,  or  other  data,  is  not  to  be  regarded 
by  implication  or  otherwise  as  in  any  manner  licensing  the  holder  or 
any  other  per  son  or  corporation, or  conveying  any  rights  or  permission 
to  manufacture,  use,  or  sell  any  patented  invention  that  may  in  any  way 
be  related  thereto. 

The  information  furnished  herewith  is  made  available  for  study 
upon  the  under  standing  that  the  Government’s  proprietary  interests  in 
and  relating  thereto  shall  not  be  impaired.  It  is  desired  that  the  lodge 
Advocate  (WCJ),  Wrigit  Air  Development  Center,  Wright  >Patterson 
Air  Force  Base,  Ohio,  be  promptly  notified  of  any  apparent  conflict  be- 
tween the  Government’s  proprietary  interests  and  those  of  others. 


W ADC  TECHNICAL  REPORT  52-229,  Part  1 


THE  INFLUENCE  OF  SURROUND  ON  TRACKING  PERFORMANCE 

Part  1.  Tracking  on  Combined  Pursuit  and  Compensatory 
One-Dimensional  Tasks  With  and  Without 
a Structured  Surround 


John  W.  Senders 
Aero  Medical  Laboratory 


February  1953 


RDO  No.  694-39 


Wrigljt  Air  Development  Center 
Air  Research  and  Development  Command 
United  States  Air  Force 
Wright-Patterson  Air  Force  Base,  Ohio 


FOREWORD 


This  report  was  prepared  by  the  Psychology  Branch  of  the  Aero  ledioal 
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AP  lS(600)-50  under  the  direction  of  Dr.  V.  L.  Senders. 
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ABSTRACT 


Four  groups  of  subjects  performed  a series  of  tracking  tasks  on  tiro  dif- 
ferent target  courses  and  under  two  conditions  of  surround  illumination*  The 
tasks  were  varied  from  pure  compensatory  to  pure  pursuit  (following)  traoking. 
In  general,  performance  was  superior  with  either  surround  illumination  with  a 
50  or  higher  percent  of  pursuit  component.  However,  the  interactions  between 
target  course  rates,  surround  illumination,  ahd  percent  pursuit  component  in 
the  task  are  large  and  complex* 

This  is  the  first  of  a series  of  studies  on  the  same  subject. 
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I.  INTRODUCTION 


In  a prior  report  (WADC  TR  52-39)  it  was  shown  that  tracking  performance 
on  a one-dimensional  visual  tracking  task  improves  as  the  pursuit  component  is 
increased  and  the  compensatory  component  is  reduced.  These  terms  are  here  de- 
fined as  follows: 

A task  having  only  a compensatory  component  is  one  in  which  an  opera- 
tor is  presented  with  a display  consisting  of  an  indicator  and  a zero  reference 
point,  and  is  required  to  maintain  the  indicator  on  the  reference  point  by  com- 
pensating for  the  movements  of  the  indicator  imposed  upon  it  by  outside  influ- 
ences. A motorist,  trying  to  maintain  a constant  speed  by  keeping  his  speedo- 
meter needle  always  on  50*  or  a radar  operator  maintaining  a target  pip  on  the 
center  of  the  screen,  are  both  engaged  in  compensatory  tracking.  A perfect 
performance  in  a compensatory  tracking  task  would  result  in  a situation  of  no 
movement,  since  the  target,  or  zero  reference  point,  would  never  move,  and  TF 
tracking  were  perfeot  the  follower  or  pip  or  needle  would  never  move  off  the 
reference . point. 

A task  having  only  a pursuit  component  is  one  in  which  an  operator 
is  presented  with  a display  consisting  of  two  indicators,  oalled,  for  conveni- 
ence, the  target  and  the  follower.  The  target  is  caused  to  move  by  outside 
influences  and  the  operator  controls  the  follower  in  such  a way  as  to  keep  it 
superimposed  on  the  target,  A gunner,  following  a moving  airplane  with  the 
sights  of  a flexible  gun  on  a fixed  platform,  is  engaged  in  pursuit  tracking. 
Perfeot  pursuit  tracking  of  a continuously  moving  target  would  result  in  con- 
tinuous movement,  since  as  the  target  moves,  the  follower  would  reproduce  this 
movement  perfectly.  Past  research  (5)  has  demonstrated  that  as  the  percent  of 
pursuit  component  in  a tracking  task  is  increased  from  0 % to  100JS,  time-on ~ 
target  scores  also  improve;  the  greatest  improvement  takes  place  when  the  per- 
cent of  pursuit  component  was  increased  from  zero  to  50$«  A possible  reason 
for  this  improvement  is  that  with  no  pursuit  component  (compensatory  traoking) 
the  only  information  available  to  the  operator  is  that  provided  by  displace- 
ment; as  more  pursuit  component  is  added,  information  about  the  direction, 
rate,  and  acceleration  of  target  motion  becomes  increasingly  available.  The 
experiment  reported  here  was  designed  to  test  the  hypothesis  that  the  availa- 
bility of  such  information,  in  general,  adds  to  improved  traoking  performance. 

This  hypothesis  leads  to  the  speoifio  prediction  that  the  greater  the  pro- 
portion of  perceptible  (i.e.  above  threshold)  rates  in  a target  course  the 
higher  will  be  the  time  on  target.  An  inorease  in  the  proportion  of  percepti- 
ble rates  may  be  achieved  in  two  ways: 

1.  The  proportion  of  high  rates  in  the  target  oourse  itself  may  be 
increased.  This  is  accomplished  either  (a)  by  increasing  the  amount  of  pursuit 
component  in  the  task  or  (b)  by  increasing,  for  any  given  amount  of  pursuit 
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component,  the  proportion  of  high  rates  in  the  target  oourse  (in  this  oase  by 
altering  the  oam.) 

2.  Pie  threshold  of  rate  perception  may  be  decreased.  This  can  be 
accomplished  by  ohanging  from  a condition  which  presents  the  observer  no  frame 
of  reference  to  one  in  vdiieh  the  surround  or  frame  of  reference  is  dearly 
visible*  Aubert  (1)  found  rate  thresholds  of  the  order  of  1 to  2 minutes  of 
arc  per  second  when  the  stationary  parts  of  the  apparatus  were  clearly  visible j 
this  threshold  was  elevated  by  a factor  of  approximately  ten  when  a fixed 
visible  surround  was  eliminated*  The  order  of  magnitude  of  these  values  is  con- 
firmed by  later  investigators  (2,  3)«* 


II.  APPARATUS  AND  PROCEDURE 


Apparatus s The  apparatus  used  was  the  same  as  that  described  in  a prior 
report  ($)  ani  is  shewn  in  Figure  1,  The  display  surfaoe  was  the  face  of  a 
cathode  ray  oscilloscope*  On  this  surface  were  presented  a spot  of  light  of 
the  minimum  size  obtainable,  approximately  1 millimeter,  and  a circle  approxi- 
mately 7 millimeters  in  diameter  with  a rim  thickness  equal  to  the  diameter  of 
the  spot*  The  dot  was  controlled  only  by  the  problem  generator,  and  the  oirole 
both  by  the  problem  generator  and  by  the  subject's  control.  The  proportions 
of  the  two  factors  controlling  the  oirole  motion  were  variable,  and  the  dot 
motion  was  varied  concomitantly  in  order  that  the  corrective  motion  required 
for  eaoh  segment  of  the  problem  oam  would  be  oonstant  for  any  setting  of  the 
proportioning  control.  For  an  ideal  performance,  therefore,  the  required  motor 
output  of  the  subject  was  the  same  for  all  experimental  conditions.  Time-on- 
target  scores  were  taken  when  the  spot  was  within  the  oirole. 

* ' . • - . ' - • • , ' 

• An  interesting  phenomenal  counterpart  of  this  change,  noted  in  the  present 
experiment,  is  disoussed  by  Koffkai  (1+) 

"Supposing  the  field  is  homogeneously  dark  and  oontains  only  two 
light  objects,  one  of  which  is  in  objective  motion  while  the  other  is  at  rest. 
Then,  if  the  velocity  of  motion  is  not  great,  the  ohief  determining  factor 
(of  perception  of  motion)  will  be  the  relative  displacement  of  the  two  objects. 
This,  according  to  our  theory,  must  lead  to  peroeived  motion,  but  our  theory 
does  not  psrait  us  to  deduce  which  of  these  objects  will  be  the  carrier  of  the 
motion,  as  long  as  their  relative  displacement  and  no’  other  faotor  be oomss 
effective." 

and  further 

* "...if  one  of  the  two  field  objects  has  the  funotion  of  framework 

for  the  other,  then  it  will  be  seen  at  rest  and  the  other* as  moving,  no  matter 
which  of  the  two  moves  in  reality.  If  on  the  other  hand  the  two  objeots  are 
both  things,  then  under  symmetrical  conditions  (fixation  between  them  or  freely 
wandering  regard),  they  should  both  move  in  opposite  directions." 
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Procedures  The  apparatus  was  allowed  to  warm  up  for  one  hour  prior  to  the 
actual  testing  of  the  subjects*  The  warm-up  period  eliminated  virtually  all 
drift  from  the  amplifiers  during  experimentation*  Immediately  before  running 
each  subject,  the  equipment  was  checked  to  insure  that  the  soaring  area  was 
correct  in  width  and  centering* 

The  subject  was  seated  before  the  display  so  as  to  place  the  soreen  of  the 
cathode  ray  tube  at  eye  level,  approximately  lit  inches  away  from  the  subject's 
eyes*  To  the  right  of  the  display,  (left  for  left-handed  subjects)  was  an  arm 
rest  and  the  subject's  control  knob*  Subjects  were  given  the  following  instruc- 
tional 

*Baoh  trial  will  be  one  minute  long*  Your  task  is  to  keep  the  circle 
over  the  dot  by  moving  this  knob  appropriately.  There  will  be  five  one-minute 
trials  and  Ihen  a two-minute  rest.  After  eaoh  trial  plaoe  the  circle  over  the 
dot  if  it  is  not  already  there*  Your  task  will  be  the  same  for  each  trial, 
although  the  nature  of  the  trials  may  vary."  (i.e.  The  tasks  differed  from 
eaoh  other  in  the  amount  of  pursuit  component  eaoh  contained.) 

The  subject  was  allowed  a two-minute  rest  between  successive  sets  of  five 
trials,  and  a five  minute  rest  between  the  third  and  fourth  sets*  During  these 
rest  periods  the  experimenter  again  chedked  the  accuracy  of  the  scoring  apparatus 
and  made  any  necessary  adjustments*  This  procedure  was  repeated  for  two  suc- 
cessive days.  As  a preliminary  oheok  on  the  setting  of  the  apparatus,  conditions 
were  restored  to  those  obtaining  in  the  first  experiment  (low  rate,  full  sur- 
round) and  a series  of  trials  given  to  five  subjects.  The  results  were  sub- 
stantially the  same  as  before,  and  indicated  that  no  major  characteristics  of 
the  task  had  changed* 

Experimental  variables!  The  independent  variable  in  all  sessions  was  the 
percent  of  pursuit  component  in  the  task.  Five  conditions,  defined  by  the 
motions  of  spot  and  oirole  induced  by  the  problem  cam,  were  tested* 

1,  0$  pursuit*  (100$  compensatory)*  The  cirole  moved  and  the  subject 
tried  to  return  it  promptly  and  correctly  to  the  (stationary)  spot, 
which  provided  the  zero  reference  point, 

2.  25$  pursuit.  The  ratio  of  spot  movement  to  cirole  movement  was  1*3« 

That  is,  if  the  spot  moved  one  degree  to  the  left,  the  circle  moved 
three  degrees  to  the  right. 

3*  50$  pursuit.  The  ratio  of  spot  movement  to  cirole  movement  was  1*1. 

If  the  spot  moved  two  degrees  to  the  left,  the  cirole  moved  two  degrees 
to  the  right. 

1*.  75$  pursuit.  The  ratio  of  spot  to  cirole  movement  was  3*1*  the 

spot  moved  three  degrees  to  the  left,  the  cirole  moved  one  degree  to 
the  right. 

5.  100$  pursuit.  Only  the  spot  was  moved  by  the  cam,  the  cirole  remain- 

ing'stationary  unless  moved  by  the  subjeot. 

k 
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FIGURE  2:  CONTROL  MOTION  AND  DISPLAY  VARIATIONS 

FOR  A CONSTANT  INPUT  UNDER  VARIOUS 
CONDITIONS. 


These  conditions  were  achieved  by  dividing  the  oam  output  between  the  tar- 
get spot  and  the  follower.  Only  the  oircle  was  under  the  subject’s  oontrol, 
and  in  all  conditions  the  control  motion  required  to  maintain  the  oircle  over 
the  spot  was  identical,  both  in  direction  and  in  amount.  Figure  2 shows  in 
schema-tic  fashion  'the  display  changes  and  the  required  control  movement  for  a 
given  slope  of  the  cam  profile, 

Hie  order  of  presentation  of  the  various  conditions  was  such  as  to  counter- 
balance the  effects  of  order. 

Parameters i Two  parameters  were  introduced  into  the  experimental  design. 
Both  were  ways  of  changing  the  proportion  of  perceptible  rates  in  the  target 
oourse. 

1,  Distributions  of  rates  in  the  target  oourse.  Two  problem  cams  were 
used.  One,  which  was  used  in  the  previous  experiment,  provided  a preponderance 
of  low  rates,  and  the  other  provided  higher  rates.  The  high  rate  oam  inoluded 
rates  which  were  above  threshold,  even  when  target  motion  had  been  reduoed  by 
13%  by  using  only  25/£  pursuit  component  in  the  task,  and  when  -thresholds  were 
simultaneously  raised  by  the  use  of  the  no-surround  conditions, 

2,  Surround,  Two  surround  conditions  were  used.  The  first  was  identical 
with  that  of  the  previous  study,  and  is  referred  to  for  convenience  as  the 
"light  condition,"  In  this  condition,  the  whole  face  of  the  cathode  ray  tube, 
a grid  superimposed  on  it,  pilot  light,  the  osoillosoope  itself,  and  parts  of 
the  experimental  room  were  visible  to  the  subjeot.  In  the  "dark"  or  no-surround 
condition,  all  illumination  from  the  tube  was  reduoed  to  zero  (i.e,  a value 
below  the  observers'  thresholds),  pilot  lights  were  masked,  and  all  ambient 
illumination  was  eliminated.  The  observer  could  see  only  the  target  and  the 
follower.  The  purpose  of  this  reduction  of  surround  was,  of  oourse,  to  raise 
the  observers'  rate  thresholds. 

Five  subjects  were  used  under  eaoh  of  four  conditions t leer-rate  oam  and 
li{£it  condition,  low-rate  oam  and  dark  condition,  high-rate  oam  and  light- 
condition,  and  high- rate  oam  and  dark  condition. 


III,  RESULTS 


The  means  for  eaoh  subjeot  on  eaoh  day  and  for  the  groups  are  listed  in 
Tables  I and  II,  and  are  shown  graphically  in  Figure  3« 

Effeot  of  percent  of  pursuit  components  In  general  it  may  be  said  that 
an  Inorease  in  the  percent  of  pursuit  component  in  the  tracking  task  improves 
performance,  as  measured  by  time-on-target  soores.  This  finding  is  in  aooord 
with  that  of  the  previous  study,  (ij.) 

Effeot  of  target  rates j Under  both  surround  conditions,  an  inorease  in 
the  proportion  of  high  rates  in  the  oam  results  in  improved  tracking  perfor- 
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TABLE  1 


Loir  Bate  Target  Course 


Day 

Subjeet 

Lij£it  Cond. 

Compea. 

.25  Pur. 

.50  Pur. 

•75  Pur. 

F.L. 

22.23 

22.69 

23.14 

21.71+ 

R.B. 

22.77 

22.29 

27.1a 

29.18 

1 

Z.J 

Dark 

14.55 

17.1+7 

18.09 

13.56 

R.S. 

13.91+ 

16.61 

17.76 

20.  Ip 

H.W. 

21.S7 

24.68 

27.13 

30.73 

F.L. 

21+.15 

25.05 

26.16 

24.66 

R.B. 

25.61 

26.143 

29.24 

23.32 

2 Z.J. 

Dark 

15.64 

14.71 

14.59 

19.94 

R.S. 

12.143 

13.01 

16.41 

13.32 

H.W. 

27.66 

28.12 

27.93 

23.56 

Vro  day  mean 

20.10 

21.11 

22.32 

24.03 

E.L. 

20.36 

21.23 

26.76 

29.36 

j.w. 

16.27 

20.03 

22.33 

25.82 

1 D.W. 

Light 

19.50 

21.71 

23.73 

25.15 

N.H. 

24.06 

23.91 

24.06 

26.30 

F.  J. 

20.56 

25.65 

25.03 

25.49 

E.L. 

21.84 

27.44 

27.30 

28.33 

J.W. 

16  *41 

17.47 

24.13 

23.57 

2 D.W. 

Light  23.36 

26.33 

28.52 

27.39 

- N.H. 

23.35 

26.62 

27.49 

30.62 

F.J. 

20.38 

23.21 

25.52 

25.30 

Two  day  mean 

20.66 

23.37 

25.54 

26.73 

Time  on  Target  Scores 

for  Bach  Subject 

on  the  Low  Rate  Target  Course 


Pursuit 

25.56 
30.36 
19.69 
19.7U 
28.  If) 


23.21 
25*98 
19. 54 
18.99 
27.15 

23.91 


26.24 

23.50 

25.23 

28.8k 

24.11 


26.31 

19.51+ 

26.22 

32.143 

23.22 

25.57 
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TABLE  2 


High  Bats  Target  Course 


Jjjr 

Subject 

Light  Cond. 

Coinpen, 

.25  Pur, 

•50  Pur, 

.75  Par. 

Pursuit 

J.C. 

16.  U+ 

19.31 

22,13 

22.03 

23.91 

J.k. 

17.77 

19.0* 

21.79 

25.76 

24.47 

1 

M.L. 

Dark 

l6.i42 

13.10 

21.19 

22.70 

23  .21* 

J.B. 

14.01 

15.71 

is.  52 

20.00 

19.22 

h.w.2 

19.26 

23.32 

26.30 

26.97 

23.13 

J.C. 

17.02 

22.96 

2l4,6l 

26.1|3 

27.01; 

J.K. 

23.73 

25.13 

29.55 

30.63 

23.32 

2 M.L. 

Dark 

15.06 

19.07 

20.21; 

24.15 

22.1)3 

J.B. 

11.07 

12.66 

15*42 

17.31 

16.63 

h.w,2 

20.73 

23.59 

26.38 

27.53 

27.32 

Two  day  mean 

17.13 

19.39 

22.67 

2U.I4I 

24.13 

J.M. 

114.30 

23.1P 

27.47 

27.73 

23.65 

M.W. 

16.53 

19.53 

25.33 

24.72 

26.33 

1 

A.B. 

Light 

13.73 

20.69 

26.07 

2I4.I4O 

24.94 

A.K. 

17.50 

22.23 

23.76 

24.93 

25.67 

C.C. 

19.140 

25.15 

27.55 

26.96 

27.22 

J.M. 

21.39 

24.93 

26.20 

29.17 

27.29 

M*W. 

17.1i3 

13.35 

25.73 

23.18 

27.75 

2 A.B. 

Light 

16.56 

24.67 

26.37 

26.93 

23.17 

A.K. 

19.40 

23.73 

24.22 

25.69 

25.51 

C.C. 

22.43 

26.39 

29.28 

31.57 

25.72 

Wo  day  mean 

17.92 

22.91 

26.26 

27.04 

26.73 

Time  on  Target  Scores  for  Bach  Subjeot 
on  the  High  Hate  Target  Course 
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FIGURE  3 

MEAN  TIME  ON  TARGETS  SCORES  FOR  THE  FOUR  GROUPS 
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mance  on  the  75#  and  100#  pursuit  tasks  and  lowered  performance  on  the  compen- 
satory and  25%  pursuit  tasks.  With  the  illuminated  surround,  performance  with 
the  high  rate  oam  is  better  at  the  50#  pursuit  task.  With  no  surround  it  is 
, poorer  if  at  all  different.  It  will  be  remembered  that  with  a compensatory  task 
no  rate  information,  and  with  the  25#  pursuit  task  relatively  little  rate  infor- 
mation, is  available  to  the  subject  on  either  cam.  Furthermore,  it  sfeems  likely 
that  the  motor  task  involved  in  traoking  a high  rate  oam  is  more  difficult  than 
that  involved  in  traoking  a low  rate  cam  and  that  only  for  compensatory  and  25# 
pursuit  tasks  would  this  difference  appear  in  isolation. 

Effect  of  surroundt  With  both  cams,  performance  is  markedly  superior 
under  the  light  condition ; furthermore,  the  superiority  increases  with  an 
increase  in  the  peroent  of  pursuit  component  in  the  task  up  to  and  including 
the  50#  pursuit  point.  Of  particular  interest  is  the  faot  that  under  the  dark 
condition  there  is  virtually  no  improvement  for  the  low  rate  oam  between 
compensatory  and  25#  pursuit  (1  sec),  while  under  the  light  condition,  there 
is  a marked  improvement.  With  the  high  rate  oam,  performance  is  better  under 
the  light  condition  and  the  rate  of  improvement  between  compensatory  and  25# 
is  greater  than  it  is  under  the  dark  condition.  However,  there  is  an  appreciable 
increase  in  performance  in  the  dark  condition. 

Interactions!  That  none  of  the  above  components  contributes  to  performance 
in  a simple  way  is  dearly  shown  in  Figure  3»  The  effect  of  high  .rates,  for 
example,  is  to  depress  performance  in. compensatory  traoking  but  elevate  it 
in  pursuit  tracking.  For  the  ligjht  condition,  the  high  and  low  rate  functions 
cross  between  25#  and  50#  pursuit,  while  for  the  dark  condition  they  cross 
between  50#  and  75#  pursuit.  All  of  these  results  are  in  accord  with  the 
hypothesis  that,  other  things  being  equal,  traoking  performance  improves  as 
a function  of  the  proportion  of  above-threshold  rates  in  the  target  course. 


IV.  DISCUSSION 


An  increase  in  the  proportion  of  above-threshold  rates  in  the  target 
course  can  be  achieved  by  changing  the  stimulus  by  (a)  including  a greater 
proportion  of  high  rates  on  the  oam  and  (bj  making  more  of  these  rates  avail- 
able by  increasing  the  amount  of  pursuit  component}  or  by  lowering  the  obser- 
ver’s threshold  by  adding  a visible  surround  or  frame  of  reference.  The  way 
In  which  each  of  these  conditions  affected  the  rate  distribution  is  shown  in 
Figure  h.  In  the  upper  half  of  this  figure,  are  the  distributions  of  rates 
for  the  low  rate  cam,  as  modified  by  the  proportion  of  pursuit  component  in 
the  task.  In  the  lower  half  the  corresponding  distributions  are  drawn  for  the 
high-rate  cam.  Rates  below  the  threshold  of  rate  perception  for  the  full- 
surround  condition,  as  obtained  by  Aubert,  are  shown  as  solid.  Those  belcw 
the  threshold  for  the  no-surround  condition  are  shown  as  cross-hatched.  Thus 
in  each  distribution,  the  light  area  represents  rates  which  are  above  threshold 
for  the  no-surround  condition;  the  light  area  plus  the  cross-hatched  area  re- 
presents rates  which  are  above  threshold  for  both  surround  conditions.  Other 
things  being  equal,  the  greater  the  light,  or  light-plus-cross-hatched,  area, 
the  higher  should  be  the  time-on-target  scores. 
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One  factor  which  keeps  other  tilings  from  being  equal  is  the  difference  in 
required  motor  performance  for  high  and  low  rate  oams.  We  may  suspeot  that, 
when  perceptual  factors  are  equated,  the  higher  rates,  of  motor  performance  re- 
quired by  the  high  rate  cam  may  have  a deleterious  effect  on  performance* 

These  distributions  would  lead  us  to  ezpeot  that  performance  would  always 
be  poorest  on  a compensatory  task;  furthermore,  compensatory  tracking  should  be 
worse  with  a high  than  with  a low  rate  cam*  Increasing  the  pursuit  component 
would  be  expeoted  to  lead  to  improvement  in  performance  if  the  threshold  is  low 
enough  or  the  rates  high  enough  for  an  addition  of  pursuit  component  to  lead 
to  the  addition  of  a significant  proportion  of  perceptible  rates,  Sius  on  the 
low  rate  cam  under  the  dark  condition,  relatively  little  improvement  would  be 
expected  as  a result  of  increasing  the  pursuit  component;  such  improvement 
would,  however,  be  expeoted  either  with  high  rates  or  a full  surround* 

A 11  of  these  expectations  are  fully  confirmed,  and  the  data  lend  consider- 
able support  to  the  hypothesis  that  traoking  performance  is  a direot  function 
of  the  proportion  of  above-threshold  rates  in  'the  target  oourse* 


V.  CONCLUSION 


From  these  results  one  might  confidently  predict  that  reducing  the  size 
of  a visual  traoking  display  would  decrease  performance  on  pursuit  traoking 
if  the  operator  is  required  to  track  a continuously  moving  target,  and  this 
reduction  in  performance  would  be  due  not  only  to  the  reduced  apparent  size 
of  the  position  errors  but  also  to  the  reduced  rates  of  motion  apparent  to 
the  operator*  Further,  a reduction  in  the  illumination  of  the  surround  to 
near-or-be low- threshold  values  would  also  reduce  traoking  accuracy  by  making 
less  of  the  rate  information  contained  in  the  display  actually  available  to 
the  operator.  However,  for  almost  any  condition  of  display  size  and  surround 
illumination,  pursuit  traoking  is  superior  to  compensatory  traoking  for  the 
type  of  display  described  above*  Presumably,  if  the  target  input  rates  were 
so  low  as  to  be  below  the  threshold  for  movement  perception,  then  any  arrange- 
ment of  the  display  would  correspond  perceptually  to  compensatory  tracking  and 
performance  would  be  more  or  less  independent  of  surround  illumination,  and  of 
the  distinction  between  pursuit  and  o ompensatory  displays. 
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